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Abstract — To guide the implementation of a Hazard Analysis Critical Control Point (HACCP)
system at a small abattoir, the microbiological conditions of pig carcasses at various stages of
processing were assessed by enumerating total aerobes, coliforms, and Escherichia coli in samples
collected from randomly selected sites on the carcasses. Those data indicated that carcasses were con-
taminated with bacteria mainly during dehairing and operations on the head. When carcasses
were pasteurized after head removal, the numbers of total aerobes on dressed carcasses were
reduced by about 1 order and the numbers of coliforms and E. coli were reduced by more than 2 orders
of magnitude. Implementation of an HACCP system on the basis of the microbiological data gave
cooled carcasses with mean numbers of total aerobes < 100/cm?2, and mean numbers of coliforms
and E. coli about 1/1000 cm?.

Résumé — Mise en application d’un systéeme validé de HACCP pour le contrdle de la
contamination microbiologique des carcasses de porcs dans un petit abattoir. Afin de guider la
mise en application d’un systéme d’analyse du risque et de maitrise de points critiques (ARMPC —
HACCP) dans un petit abattoir, les conditions microbiologiques des carcasses de porcs a dif-
férentes étapes de préparation ont été évaluées par numération des aérobies totaux, des coliformes
et des Escherichia coli dans des échantillons prélevés au niveau de sites sélectionnés au hasard sur
les carcasses. Ces résultats indiquaient que les carcasses €taient contaminées par des bactéries
principalement au cours de I’épilation et des manipulations sur la téte. Lorsque les carcasses
étaient pasteurisées apres I’enlevement de la téte, le nombre des aérobies totaux sur les carcasses
préparées était réduit par environ 1 ordre de grandeur et le nombre de coliformes et de E. coli était
réduit par un ordre supérieur a 2. La mise en application d’un systtme ARMPC sur la base des données
microbiologiques permettait d’obtenir des carcasses refroidies avec un nombre moyen total

d’aérobies de < 100/cm? et de coliformes et de E. coli d’environ 1/1000 cm?2.
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Introduction

Meat inspecting authorities around the world are requir-
ing meat packing plants to implement Hazard Analysis
Critical Control Point (HACCP) systems for the con-
trol of hazardous microbial contamination of meat (1).
Although HACCP systems must take account of phys-
ical and chemical, as well as microbiological hazards, the
latter hazards are the major concern in the production
of raw meats at packing plants. The procedures recom-
mended for implementing HACCP systems depend
upon the subjective assessment of risks, with consequent
uncertain identification of critical control points (CCPs)
for the control of microbiological hazards. If the CCPs
in a process are misidentified, the standard operating
procedures (SOPs) prescribed for the control of hazards
are likely to be ineffective (2). There is then good rea-
son for supposing that some of the HACCP systems
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that are currently operated at meat packing plants give
only variable and often inadequate control over the
microbiological conditions of raw meats.

As subjective assessment of meat plant processes
must always be uncertain, it has been suggested that
HACCP systems at meat plants be based on microbio-
logical data that allow estimation of the effects on the
microbiological condition of the product of individual
operations within any process (3). Then, operations
can be modified and reevaluated, as necessary, to attain
a final product that complies with stringent food safety
objectives (FSOs). An FSO is a statement of a maximum
level of microbiological contamination considered
acceptable for consumer protection (4). For that purpose,
it is necessary to refer to the mean numbers of indicator
organisms on products, as pathogenic organisms are
generally too few and are present too infrequently to be
useful for the routine investigation and evaluation of
process performance (5).

Methods that are practicable for recovering and enu-
merating indicator organisms from raw meat at most
stages of product processing within packing plants,
and methods for estimating the changes in numbers of
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bacteria on a product as a result of processing have
been identified (6); also the use of those methods in pro-
cedures for improving the hygienic performances of
some commercial processes has been demonstrated (7).
However, as yet, few meat packing plants have imple-
mented a full HACCP system on the basis of micro-
biological data to attain stringent FSOs. To address
that deficiency, an HACCP system based on the objec-
tive evaluation of the hygiene of processing through
microbial testing is being implemented at a meat pack-
ing plant that is operated at an Agriculture and Agri-Food
Canada Research Centre. The development of such a
system necessarily proceeds in stages, as the various
processes at the plant are investigated and brought
under control. Therefore, the objective of this study
was to apply objective assessment procedures to arrive
at a validated system for controlling the microbiologi-
cal contamination of pig carcasses, as a first step towards
assuring the microbiological safety of all meat produced
at the plant.

Materials and methods

The meat packing plant

The plant is operated at the Agriculture and Agri-Food
Canada Lacombe Research Centre and is inspected by the
Canadian Food Inspection Agency (CFIA). Although
some carcasses are subjected to experimental treat-
ments, most are processed by using procedures that are
usual in the meat industry. Much of the meat from
those latter carcasses is dispatched for normal com-
mercial uses. To comply with CFIA requirements, an
HACCP system for the usual processes at the plant
must be developed by the plant staff and be approved by
the CFIA.

Typically, the abattoir is operated 2 d per week, with
between 20 and 40 animals of a single species being
slaughtered on each day. The carcasses are cooled
overnight and are then processed into primal cuts or dis-
patched as hanging meat within 3 d after slaughter.
The species slaughtered are mainly pigs and cattle, but
sheep, exotic domestic animals, and farmed game animals
are slaughtered occasionally.

The carcass dressing process

Pig carcasses are processed at a rate of 8 carcasses per
hour. Before the development of the validated HACCP
system, the pig carcass dressing process was comprised
of 25 operations performed by 4 workers (Table 1).
Each pig entered the slaughtering floor and was stunned
in a restraining conveyor. After shackling and bleeding,
the carcass was immersed in a scalding tank before
being placed on the cradle of a dehairing machine.
After dehairing, the carcass was singed and scraped
while on the cradle, before being raised to the process-
ing rail. At the first work stand, the carcass was shaved
of any remaining hair. Then operations on the head
and throat were performed, after which the head was
removed.

The carcass was then moved to a 2nd stand for evis-
cerating operations, to a 3rd for splitting, and to a 4th stand
for trimming. The sides were then graded, weighed,
and washed with water from a hand-held hose before

Table 1. Operations performed at various locations
in a small abattoir during the dressing of pig
carcasses, before validation of the carcass dressing
process

Operation Location
Stunning Restraining conveyer
Shackling Shackling table
Bleeding Blood pit

Scalding Scalding tank
Dehairing Dehairer

Singeing

Scrapping

“Gambreling” and raising to the processing
rail

Shaving

Open throat and floor of mouth

Free esophagus, trachea and tongue

Free jowls

Break atlas joint and remove head

Evacuate the rectum and free the anus

Open the abdomen, pull out the large
intestine, remove the bladder

Remove the abdominal viscera and
diaphram

Remove the thoracic viscera

Remove the kidneys

Remove fat and membrane from the
abdominal cavity

Split the carcass

Trim the hams

Trim the brisket and neck

Grade the carcass

Weigh the carcass

Wash the carcass

Work station 1

Work station 2

Work station 3
Work station 4

Weighing station
Washing station

being transferred to a chiller. The carcasses were cooled
in a chiller in which the refrigeration equipment was
operated to deliver air from the coils at a temperature of
0°C and a speed of 4 m/s. Carcasses were well spaced
and were not sprayed during overnight cooling for
between 18 and 22 h.

Carcass sampling

At each time of sampling carcasses at any stage of the
process, the first 25 carcasses that reached the specified
stage during processing on one day were sampled. A sin-
gle sample was collected from a carcass at any stage of
processing, but on most days, a sample was collected
from each carcass at 2 stages of the process. Each sam-
ple was collected by swabbing an undefined limit of
approximately 100 cm? with moistened medical gauze,
with the site to be sampled being selected at random from
a grid that specifies 83 sites on one side of a carcass, as
previously described (6).

Enumerations of bacteria

Each swab was pummeled for 2 min with 10 mL of
0.1% (w/v) peptone water. For the enumeration of total
aerobic counts, 1 mL of the pummeled fluid was diluted
tenfold in peptone water, then 0.1 mL of the tenfold dilu-
tion was diluted in 10 mL of peptone. A 1 mL portion of
the tenfold dilution, the remaining 8.9 mL of the tenfold
dilution, and the 10.1 mL volume of the highest dilution
were each filtered through a separate hydrophobic
grid membrane filter (QA Life Sciences, San Diego,
California USA). Each filter was placed on a plate of
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Table 2. Statistics for sets of 25 total aerobic counts (number/cm?2),
coliform counts (number/100 ¢cm?2), or Escherichia coli counts
(number/100 cm?) recovered from pig carcasses after the dehairing
or the shaving operations in the carcass dressing process

Statistics
Count Stage of the process X s no Log A N
Total aerobes After dehairing 1.57 0.91 0 2.52 3.53
After shaving 1.49 0.76 0 2.16 3.42
Coliforms After dehairing 1.42 1.04 2 2.67 3.73
After shaving 1.64 0.81 0 2.39 3.51
E. coli After dehairing 1.25 1.02 2 2.45 3.61
After shaving 1.29 0.81 0 2.05 3.27

X = mean of log,, counts; s = standard deviation of log,, counts; no = number of samples from which
bacteria were not recovered; Log A = estimated log, of the arithmetic mean; N = log, ; of the total number

recovered from 25 samples

tryptone soy fast green agar (TSFG; QA Life Sciences),
which was incubated at 25°C for 3 d (8). Squares con-
taining green or blue-green colonies were counted, and
a most probable number (MPN) for the colonies on
each filter was obtained by application of the formula
MPN = N X log, (N/(N — X)) where N is the total
number of squares and X is the count of squares con-
taining colonies.

For the enumerations of coliforms and Escherichia
coli, 0.1 mL of the pummeled fluid was diluted in 10 mL.
of peptone water. Then, the remaining stomacher fluid
and the whole of the dilution were each filtered through
a separate hydrophobic grid membrane filter. Each fil-
ter was placed on a plate of lactose monensin glucuronate
agar (LMG; QA Life Sciences), which was incubated at
35°C for 24 h (9). Squares containing blue colonies
were counted and an MPN value for coliforms was
obtained as for the total aerobic counts described above.
The filter was then transferred to a plate of buffered
4-methylumbelliferyl-B-D glucuronide agar (BMA; QA
Life Sciences), which was incubated at 35°C for 3 h. The
incubated filters were illuminated with long-wave-
length ultraviolet light, squares containing blue-white
fluorescent colonies were counted, and an MPN value
for E. coli was obtained from that count as for the total
aerobic counts.

Analysis of data

All bacterial counts were transformed to log,, values.
When bacteria of a type were recovered from = 20 of
25 samples, values for the mean log (X) and standard
deviation (s) of the set of bacterial counts were calcu-
lated on the assumption of a log normal distribution
of counts (10). In the calculation of X and s, a log value
of —0.5/cm? or 100 cm? was assumed for the count
from each sample in which bacteria were not detected.
Values for the log means (log A) for sets of counts
were calculated from the formula log A = X + log,
10, s2/2 (11). A value for the total number of bacteria
recovered (N) was calculated for each set of counts by
summing the counts in the set and obtaining the log of the
sum. Those calculations were performed with software
(Microsoft Excel Version 4, Statistical functions;
Microsoft, Redmond, Washington USA).

Results and discussion

When the carcasses of various species dressed at the abat-
toir were examined in a previous study, those of pigs
were found to be in the poorest microbiological condi-
tion (12). As meat from pig carcasses produced at the
abattoir would then pose the greatest microbiological risk
to consumers, it was appropriate to commence an
HACCP implementation by seeking enhanced control
over microbiological contamination during the pig car-
cass dressing process (3).

When seeking enhanced control over the microbio-
logical condition of a product, it is necessary to formulate
an attainable FSO against which to judge the success or
otherwise of the actions taken to improve the condition
of the product. Previous studies had suggested that an
appropriate FSO for cooled red meat carcasses could be
that log mean numbers of total aerobic counts would be
< 2 log cfu/cm? and that log total numbers of both col-
iforms and E. coli would be < 0.5 log cfu/2500 cm? (13).
That FSO was adopted for all cooled carcasses pro-
duced at the abattoir, including those of pigs.

It is economically desirable that an FSO be achieved
with minimum modification of an existing process.
Therefore, the possibility of achieving the FSO by mod-
ifying operating procedures, without modification of
the plant or the installation of new equipment, was
considered.

The stated FSO will generally be attainable for pig car-
casses only if an effective decontaminating treatment is
employed at some point in the dressing process, because
scalded carcasses, which carry few bacteria, are recon-
taminated during mechanical dehairing operations (14).
At some plants, the singeing of dehaired carcasses pro-
vides a decontaminating treatment (13). Therefore, the
effects on carcasses of the singeing operation were
examined. As was expected, the dehaired carcasses
were contaminated with relatively large numbers of
aerobes, coliforms, and E. coli (Table 2). Singeing of the
carcasses did not obviously reduce the numbers of any
of the organisms.

As singeing was ineffective for reducing bacterial
numbers, an apparatus for pasteurizing carcasses with
sheets of hot water (15) was installed on the dressing
floor. Although pasteurizing carcasses at the end of
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Tables 3. Statistics for sets of 25 total aerobic counts (number/cm?),
coliform counts (number/100 ¢cm?2), or Escherichia coli counts
(number/100 cm?) recovered from pig carcasses that were pasteurized
after polishing, before or after the removal of the head

Statistics
Count Stage of the process X S no log A N
Total aerobes Before head removal — — 12 — 1.13
After head removal 0.74 0.90 2 1.67 2.99
Coliforms Before head removal — — 23 — 0.48
After head removal — — 11 — 2.94
E. coli Before head removal — — 24 — 0.00
After head removal — — 16 — 2.21

X = mean of log,, counts; s = standard deviation of log,, counts; no = number of samples from which
bacteria were not recovered; Log A = estimated log, of the arithmetic mean; N = log, ; of the total number
recovered from 25 samples; — = insufficient data for calculation of the statistic

Table 4. Statistics for sets of 25 total aerobic counts (number/cm?),
coliform counts (number/100 cm?), or Escherichia coli counts
(number/100 cm?) recovered from pig carcasses that were pasteurized
after head removal, after the pasteurizing or the washing opera-
tions in the carcass dressing process

Statistics
Count Stage of the process X S no Log A N
Total aerobes After pasteurizing — — 6 — 1.94
After washing 1.01 0.73 5 1.62 1.95
Coliforms After pasteurizing — — 21 — 1.00
After washing — — 20 — 1.76
E. coli After pasteurizing — — 22 — 0.90
After washing — — 21 — 1.60

X = mean of log,, counts; s = standard deviation of log,, counts; no = number of samples from which
bacteria were not recovered; Log A = estimated log, of the arithmetic mean; N = log,, of the total number
recovered from 25 samples; — = insufficient data for calculation of the statistic

the dressing process is possible, the appearances of cut
muscle surfaces are commonly degraded by the treatment
(16). Consequently, it is preferable to apply the treatment
to pig carcasses at an early stage of dressing, when
little or no muscle has been cut, provided that an accept-
able microbiological condition can be preserved through-
out the subsequent dressing operations. Therefore, a
pasteurizing treatment was applied to carcasses after the
shaving operation. That treatment reduced the num-
bers of aerobes, coliforms, and E. coli by 3 orders of
magnitude, and gave carcasses a microbiological con-
dition compatible with the FSO (Table 3). However, the
operations for exposing the tongue and removing the head
resulted in the carcasses being recontaminated, with
the numbers of all 3 groups of bacteria being 2 orders of
magnitude more than on the pasteurized carcasses.
The contamination of carcasses during head removal
was expected, as such contamination had previously
been observed at a large packing plant (17). To counter
the undesirable microbiological effects of operations on
the head, the operations were modified to reduce the con-
tacting of other parts of the carcass by hands or equip-
ment that had previously contacted the mouth and
throat, and by pasteurizing the carcass after, instead
of before, removal of the head. That gave carcasses
with log total numbers of aerobes about 2 log cfu/25 cm?,
and log total numbers of coliforms and E. coli both
about 1 log cfu/2500 cm? (Table 4). After eviscera-

tion, splitting, and washing, the numbers of aerobes
on carcasses were the same as after pasteurizing, but the
log total numbers of coliforms and E. coli had both
increased to about 1.5 log cfu/2500 cm?.

The numbers of coliforms and E. coli on the washed
carcasses exceeded the FSO. Those numbers could
have been reduced by applying a 2nd pasteurizing treat-
ment to the carcasses. However, such a treatment was
considered unnecessary, because at the abattoir car-
casses are routinely cooled without spraying, and the sur-
face drying that occurs during cooling can result in the
numbers of coliforms and E. coli on carcasses being
reduced by an order of magnitude or more (18). Reduc-
tions in the numbers of coliform and E. coli during the
cooling of carcasses evidently occurred, as the numbers
of those organisms, as well as the numbers of total aerobes,
on cooled carcasses that had been through the modified
dressing process generally met with the FSO (Table 5).

The routine attainment of a stringent FSO for cooled
pig carcasses demonstrates that it is practical to greatly
improve the microbiological condition of pig carcasses,
when the operations and processes are adjusted by
referring to appropriate microbiological data. Adjust-
ments to improve processing are undoubtedly easier
to introduce at small, rather than at larger, plants, but
improvement of processing hygiene at large plants is by
no means impossible, though the SOPs adopted at the
small abattoir to attain stringent FSOs may not be
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Table 5. Statistics for sets of 25 total aerobic counts
(number/cm?), coliform counts (number/100 cm?2), or
Escherichia coli counts (number/100 cm?) recovered
from cooled pig carcasses that were pasteurized
after head removal and cooled without spraying
during routine operations at a small abattoir

Statistics
Count Set X S no Log A N
Aerobes 1 0.90 0.80 0 1.64 2.74
2 — — 9 — 1.83
3 0.25 1.09 3 1.61 3.25
4 — — 7 — 2.27
Coliforms 1 — — 22 — 0.90
2 — — 25 — n.d.
3 — — 24 — 0.30
4 — — 23 — 0.48
E. coli 1 — — 25 — n.d.
2 — — 25 — n.d.
3 — — 24 — 0.30
4 — — 23 — 0.48

X = mean of log,, counts; s = standard deviation of log,, counts; no = number
of samples from which bacteria were not recovered; Log A = estimated log,, of
the arithmetic mean; N = log,, of the total number recovered from 25 samples;
— = insufficient data for calculation of the statistic; n.d. = none detected

appropriate for improving actions at all pork packaging
plants. However, the general approach to the develop-
ment of SOPs for the effective control of microbial
contamination should be applicable to all pig carcass
dressing processes. The SOPs developed during this
study are detailed in the HACCP manual for carcass
dressing and cooling at the small abattoir, which is
available on the website (19).
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